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Reports of Sarcocystis rileyi-like protozoa (‘rice breast disease’) from an-
seriform birds had been rare in Europe until the last two decades, when S. rileyi 
was identified in northern Europe and the UK. However, despite the economic 
losses resulting from S. rileyi infection, no recent accounts are available on its 
presence (which can be suspected) in most parts of central, western, southern and 
eastern Europe. Between 2014 and 2019, twelve mallards (Anas platyrhynchos) 
were observed to have rice breast disease in Hungary, and the last one of these 12 
cases allowed molecular identification of S. rileyi, as reported here. In addition, S. 
rileyi was molecularly identified in the faeces of one red fox (Vulpes vulpes). The 
hunting season for mallards in Hungary lasts from mid-August to January, which 
in Europe coincides with the wintering migration of anseriform birds towards the 
south. Based on this, as well as bird ringing data, it is reasonable to suppose that 
the first S. rileyi-infected mallards arrived in Hungary from the north. On the oth-
er hand, red foxes (Vulpes vulpes), which are final hosts of S. rileyi, are ubiqui-
tous in Hungary, and our molecular finding confirms an already established au-
tochthonous life cycle of S. rileyi in the region. Taken together, this is the first ev-
idence for the occurrence of S. rileyi in Hungary and its region. 
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Sarcocystis species (Apicomplexa: Sarcocystidae) are cystogenic coccidia 
with an obligatorily heteroxenous life cycle, involving usually a carnivorous fi-
nal host and an omnivorous or herbivorous intermediate host. Anseriform birds 
are intermediate hosts for at least four Sarcocystis species, of which only Sarco-
cystis rileyi forms macrocysts (Prakas et al., 2014). The presence of such muscle 
cysts (resembling rice grains) is implied in the generic name of S. rileyi infec-
tion, i.e. ‘rice breast disease’. Waterfowl with ‘rice breast disease’ (contrary to 
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this name as a disease and to the ‘dramatic’ postmortem appearance of the breast 
muscle) are not much affected. Nevertheless, while the condition resulting from 
S. rileyi infection is not fatal by itself, it may interfere with the energy and pro-
tein metabolism of birds (Moorman et al., 1991). In addition, because the large-
sized cysts can be found in muscles used for locomotion (including the main pec-
toral muscles powering flight), severe infections may cause muscle loss with re-
sultant weakness, reduced flying capacity or lameness, and such birds may more 
easily fall victim to predation (Tuggle and Friend, 1999). 
Previously, reports on S. rileyi-like protozoa in anseriform birds were re-
garded as rare in Europe (Dubey et al., 2003; Prakas et al., 2014). However, dur-
ing the past two decades, detailed morphological and molecular analyses con-
firmed the occurrence of this species in several countries of (primarily) the 
northern part of Europe, including Poland (Kalisińska et al., 2003), Lithuania 
(Kutkienė and Sruoga, 2004), Finland (Prakas et al., 2014) and Norway (Gjerde, 
2014) (Fig. 1). More recently, raccoon dogs (Nyctereutes procyonoides) and red 
foxes (Vulpes vulpes) were found to play the final host role in the life cycle of S. 
rileyi in Europe (in Lithuania: Prakas et al., 2015; in Germany: Moré et al., 2016). 
Surprisingly, despite the potentially high economic losses resulting from S. rileyi 
(i.e., anseriform birds, shot during sport hunting, are not suitable for human con-
sumption), no recently published accounts are available on its presence (which 
can be suspected) in most parts of central, western, southern, and eastern Europe. 
Recently, twelve anseriform birds were observed to harbour S. rileyi-like 
macrocysts in Hungary, and the last one of these cases allowed molecular identi-
fication of the species. These new data are summarised in this brief report. 
 
 
Materials and methods 
Over the past few years, observational records of rice breast disease in 
Hungary have been provided by official hunters (Table 1). The mallard (Anas 
platyrhynchos) used for molecular analysis here originated from Ercsi (at the riv-
er Danube) in January, 2019. In addition, red foxes (Vulpes vulpes) have been 
routinely checked by the flotation method for the presence of Sarcocystis sporo-
cysts in their faeces. The fox used as sample source for molecular analysis here 
was provided by hunters (from Csapod, in February 2019). 
Contents of five macroscopic cysts from the breast muscle were used for 
DNA extraction by the QIAamp DNA Mini Kit (Qiagen Inc., Hilden, Germany) 
following the manufacturer’s instruction (tissue protocol). In addition, the sporo-
cyst-containing supernatant of fox faeces (concentrated by standard flotation) 
was subjected to five freeze-thaw cycles at room temperature and –80 °C, then to 
overnight digestion in tissue lysis buffer and proteinase K (provided with the 
QIAamp DNA Mini Kit). Further steps of DNA extraction were the same as for 
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the muscle samples. Thus, altogether six DNA extracts were analysed with a 
PCR method modified from Ho et al. (1996), originally developed to identify 
cystogenic coccidia on the species level. This PCR amplifies an approx. 350-bp 
portion of the first part of the 18S rRNA gene of Sarcocystis spp. with the pri-
mers COC-1 (5′-AAG TAT AAG CTT TTA TAC GGC T-3′) and COC-2 (5′-
CAC TGC CAC GGT AGT CCA ATA C-3′). Other reaction components and 
cycling conditions were the same as already reported (Hornok et al., 2015). Puri-
fication and sequencing were done at Biomi Ltd. (Gödöllő, Hungary). The se-
quences [submitted to GenBank, accession numbers: MK510841 (mallard), 
MN069643 (fox)] were compared to GenBank sequences by the nucleotide 
BLASTN program (https://blast.ncbi.nlm.nih.gov). 
Table 1 
Simplified data of macroscopically suspected and histologically or molecularly verified cases of 
Sarcocystis rileyi infections from waterfowl (except Germany) during the past two decades in Eu-
rope. Since the hosts are migratory birds, only the region is shown for each country (see Fig. 1) 
Year Country (region) From mallard 
18S rRNA  
sequence in  
GenBank 
Reference 
1999–2000 Poland (NW) yes n. a. Kalisińska et al., 2003 
1997–2003 Lithuania (W) yes n. a. Kutkienė and  
Sruoga, 2004 
2002 Norway (SN) no KJ396583 Gjerde, 2014 
2010 Lithuania (C) yes HM185742 Kutkienė et al., 2011 
2011–2013 Finland (S) yes n. a. Prakas et al., 2014 
2012 Germany (NE) no KT873746 Moré et al., 2016 
2015–2018 UK (several) also LT992317-
LT992334 
 
Cromie and Ellis, 2019 
2014 Hungary (SW)1 yes n. a. 
This study 2017 Hungary (W)
2 yes n. a. 
2017–2018 Hungary (S)3 yes (9 cases) n. a. 
2019 Hungary (C)4 yes MK510841 
Abbreviations: NW – northwestern, NE – northeastern, SW – southwestern, SN – southern part of 
northern, C – central, S – southern, W – western, n. a. – not available; Geographic co-ordinates: 1 – 
46.6409102 N, 17.3068933 E; 2 – 47.7079835 N, 17.2755839 E; 3 – 46.0848391–46.4694781 N, 
19.4213713–20.1032227 E; 4 – 47.2482238 N, 18.8912626 E 
 
 
Results and Discussion 
Since 2014, 12 cases have been diagnosed in Hungary as rice breast dis-
ease, suggestive of S. rileyi infection (Table 1, Fig. 1). All of these cases in-
volved mallards (A. platyrhynchos), which had few to many cysts 1 × 4 mm in 
size in their breast muscle (musculus pectoralis major). From all five DNA ex-
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tracts of the last mallard, part of the 18S rRNA gene of a Sarcocystis sp. was 
successfully amplified. Relevant sequences were identical and showed 100% 
(251/251 bp) identity only with S. rileyi sequences, available in GenBank from 
Europe (Table 1) and from the USA (GU120092). In addition, the fox faeces was 
also PCR positive, and the corresponding sequence was 100% identical with that 
of S. rileyi in the mallard. 
 
Fig. 1. Map of Europe showing regions according to countries, where Sarcocystis rileyi was re-
ported in the last two decades (purple circles). Four regions of Hungary, where the occurrence of 
this species is documented here for the first time, are indicated with red dots (according to data in 
Table 1) 
 
Mallards shot during sport hunting in Hungary are not always plucked and 
skinned by hunters (Prof. L. Sugár, personal communication), and sometimes not 
even prior to frying, therefore a significant portion of more recent S. rileyi infec-
tions in the country may have remained unnoticed and the actual number of cases 
should inevitably be higher. 
The hunting season for mallards in Hungary lasts from mid-August till the 
end of January, which seasonality is relevant for all of the above 12 cases and co-
incides with the wintering migration of anseriform birds in Europe towards the 
south. Hungary is a wintering ground for anseriform birds from the Baltic states 
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and northern Europe (Csörgő et al., 2009). In particular, Hungary is the south-
ernmost among those central European countries where mallards (the most im-
portant hosts of S. rileyi in Europe: Table 1) ringed in Lithuania were recaptured 
several times between 1930 and 2011 (Švažas et al., 2012). Therefore, it is rea-
sonable to suppose that at least some (of the first) S. rileyi-infected mallards ar-
rived in Hungary from the north, and the emerging tendency of rice breast dis-
ease in the country (as shown here and as also reflected by the absence of known 
cases prior to 2014) is a consequence of bird migration from the direction of the 
Baltic states towards the south. 
On the other hand, red foxes (Vulpes vulpes), which are final hosts of S. ri-
leyi (Prakas et al., 2015), are ubiquitous in Hungary. This is suggestive of the es-
tablishment and autochthonous occurrence (completion of the life cycle) of S. ri-
leyi in the region, as confirmed by the molecular analysis of fox faeces here. This 
finding is also relevant in a broader geographical context. Because red foxes oc-
cur throughout Europe (Teacher et al., 2011), and anseriform birds such as mal-
lards may arrive even in Mediterranean countries from northern Europe (e.g. 
Švažas et al., 2012), the current significance of the problem (economic losses at-
tributable to rice breast disease) is almost certainly underestimated in Europe. 
Taken together, this is the first evidence for the occurrence of S. rileyi in Hunga-
ry and its region. 
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